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Abstract — For the control of permanent magnet
synchronous motor in electromechanical system an energy-
shaping control systems have been used. The regulation in
such systems is realized by injection of additional damping of
current vector projections on dq-axes and some correction
coefficient. The energy-shaping control systems with present
regulation elements provide worse response compare with
classical systems and are hard to be configured. The main aim
of this article is to suggest an alternative structure of energy-
shaping control system without these disadvantages. For this
purpose the energy-shaping control system structures with
mechanical damping as regulation element are proposed.
There are presented the advantages of mechanical damping
injection as well. To exam the proposed system work the
comparative researches of its work with old structure system
work were carried out.

So, it might be said that for effective regulation in
electromechanical  system  with  permanent  magnet
synchronous motor the energy-shaping control system can be
injected with mechanical damping. Such system provides high
response and is simple to configure.

KnrouoBi crioBa — CHHXpPOHHA MallWHA 3 MOCTIHHUMH MarHi-
TaMH, CHEPreTUYHUH MiAXiA, BEKTOpPHE KepyBaHHs], CHCTEMa
eHepropopMyIOuOro KepyBaHHs, JOIaTKOBE AeMII(yBaHHS.

I.Bctyn

[ KepyBaHHS CHHXPOHHOIO MAIIMHOIO 3 MOCTiIHHUMHU
MmarHitamu (CMIIM) y ckiani enekTpoMexaHiqHOi cHc-
TEMHU BHKOPHCTOBYIOTH CHEPrOGOPMYIOUi CUCTEMHU KEPY-
BanHs (CE®K) [1, 2]. dns 3mificHEHHS peryioBaHHS Y
Taki CHCTEMH BHOCATH JOJATKOBE JeMI(yBaHHI 3a
MPOEKLISIMH BEKTOpPa CTPYMy OOMOTKHM SIKOpsi Ha OCi
00epTOBOi CHCTEMH KOOPJIMHAT d 1 g Ta AESKUH KOPEKTY-
I04YHH KoediLieHT.

Otpumani Tak CEDK MaroTh HaCTyIHI HEAOTIKHU:

— peryiioBaHHS 3JIHCHIOETBCS HE 3a KEpOBaHOIO

BEJIMYMHOIO (IIBHIKICTIO);

— Jiarma3oH 3MIHM THapaMeTpiB CHCTEMH KepyBaHHS

00MEeXEHUI BUXO/SIUH 13 YMOB CTIHKOCTI;

— HeNiHIHHICTh KEPOBAHOTO 00’€KTa YCKIAIHIOE TIPO-

Heypy HalallTyBaHHS;

— HaJAMTYBaHHS CUCTEMH € OaraTorapaMeTpUIHHUM, i
HEMAae€ BiJIOMOTO aJITOPUTMY.

Cuctemu eHepropOopMyr04dOro KepyBaHHs 3 HasiBHUMH
PETYJIIOI0YHMH €JIEMEHTaMH € CKJIaJHUMH y HAJIAIITYBaH-
Hi Ta 320€3MeYyI0Th TipIly SKiCTh MPOTIKAHHS MEePeXiTHO-
IO MpOLeCY MOPIBHSHO 3 KIACHYHUMH CHUCTEMaMH Kepy-
BaHHA [3], 1 TOMy iX BHUKOpPHCTaHHS € Maloe(heKTHUBHE.
JUI1 TpaKkTUYHOTO 3aCTOCYBAaHHS IIi CHCTEMH IMOTPIOHO
TIOEAHYBAaTH 3 IHIIMMH MiAXOAaMH A0 CHHTE3Y CHCTEM
KepyBaHHS [4], OTHAK IIe CYTTEBO YCKIIAJHIOE MIPOIEYPY
CHHTE3Y 1 CaMy CTPYKTYpY PETYIATOPIB, 8 HATMAIITYBAHHS
TaKUX CHCTEM BUXOIUTH 32 paMKH{ 3BHYAIHOI iHKEHEPHOL
3aja4i (cTae Maike HEMOKIIMBHUM).

[I. CE®K 3 mexaHiYHUM gemndyyBaHHAM

3anponoHOBaHO  CTPYKTYPH  PETYJIATOPIB  €HEpro-
¢dopmyrouoi CAK  eneKkTpOMEXaHiYHOI CHCTEMOK 3
CMIIM, B SIKMX PETYIIOIOYHM €JIEMEHTOM € KoedillieHT
JeMnQyBaHHA 3a MEXaHIYHOK KOOPAMHATOW (IIBH-
KicTiO) [5, 6]. ®OopMyBaHHS CTPYKTYp BiJOyBa€ThCs 3Mi-
HOIO BUIVIAY MaTpHLb B3a€EMO3B’s3KIB Ta AeMI]yBaHHS
CUCTEMM KepyBaHHA [5]:

0 —k —J, no0 0
J=|k 0 —J,| ™R, =[0r, 0
Jis Jys 0 0 0 n

Iie k — KOpeKTyrouuit koedimient; Jy; 1 J,3 — eleMeHTH, 110
BIJIMIOBIiAIOTH 32 CTPYKTYPY B3a€MO3B’SI3KiB; 7, I’ Ta I3 —
KoeilieHTH, IO BiTOOPaKalOTh CICKTPUYHE T4 MEXaHI4-
He AeMI(yBaHHS CUCTEMH KEPyBaHH:L.

Y nogii CE®K mapamerpu ri, r, i k BHOMparOThCS
HYJBOBUMH, a Ji3 1 Jy; — BU3HAYAIOTHCS TAKUM YHHOM,
mo6 3abe3nedyBanoch epeKTHBHE NMPSIMYBAaHHS CHCTEMH
1o 6axanoi po6o4oi Touxu [1].

BaecenHs MexaHI9HOTO AeMIT()yBaHHS 3a0€31eTye:

— TMPOCTOTY Yy HAaJaro/KeHHI (€ TUIBKM OJIUH TMapa-
MeTp HaJaITyBaHH:);

— TIPUCKOPEHHS NPOTiKaHHS MEePeXiTHUX MPOLECIB;
— 3MEHILEHHS CTaTHYHOI HOXHUOKH;
— JIHIAHICTH TUHAMIKH yCI€T CUCTEMH;

— MOXIHUBICTh (DOPMYBaHHS CTPYKTYPH PETYIATOPiB
CHCTEMH KepyBaHHS B 3aJICKHOCTI BiJl MOCTaBJICHOT
3ajadi, 30KpeMa HaWIpOCTIMIOro BapiaHTy — BHKO-
PHCTaHHS JIMIIIE MEXaHIYHOTO AeMII(pyBaHHS;

— BIJCYTHICTB MOTPEOU Y ECTUMATOPI MOMEHTY.

CE®K Ha 0CHOBI CHUTHaIIIB 3BOPOTHHX 3B’SI3KiB 3 JlaBa-
4iB CTPyMy Ta €HKojaepa Bu3Haudae ((HOpMye) CHTHAIH
3aBJaHHS Ha IMITMHHICTH iHBepTOpa (puc. 1), M0 KUBUTH
CMIIM i mig’egHaHuii 0 MEpeXi depe3 BHIIPSMILY.
Ockinbku cuaTe3 CEDK BinOyBaeThcs Ha OCHOBI Mare-
MatigHOi Mozaermi CMIIM B o0epToBiil cuctemi KOOpIH-
HaTax d-q [5], TO cucTeMa BUMarae IepeTBOPEHHS CTPY-
MiB Ta mmiIMHHOCTEH 3 TpudasHoi abc B 00epTOBY
cucTeMy KoopauHar d-g i HaBnaku. Takum unHoM CEDK
3IIIICHIOE BEKTOPHE KEPYBaHHS MAIIMHOIO.
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Puc. 1. ®ynkuionansHa cxema kepyBanas CMIIM

3 METOI0 NEepeBIpKH POOOTH OJEpKaHOI CTPYKTYpH
CUCTEMH KepyBaHHS OyJIO MPOBENICHO TOPIBHSIIBHI 10CITi-
IoKeHHS (puc. 2) w1 HacTymHAX cTpykTyp CEDK:

1)  Ge3 BHECEHHS J0/IaTKOBOTO PETyJIIOBaHHS;
2) 3 eneKTpu4HUM AeMidyBaHHIM (7}, 72, k);
3) 3 MexaHiYHUM JeMI(YBaHHAM (73).

JocmimxenHs TIPOBOANIINCH y CepeIoBHIII
MATLAB / Simulink 3 CHHXpOHHOIO MAaIIMHOIO MOTYX-
Hictio 0,5 kBT, 1m0 >XMBHUTBCS BiI IHBEpTOpa HAmpyru
(puc. 1), 32 HACTYIIHUM aJTOPUTMOM: Ha TOYATKY BilOYy-
Ba€ThCS PO3TiH O HOMIHAIBHOI MIBHAKOCTI (puc. 24,
BepxHii) abo 5% Bix HOMiHaNbHOI (pHC. 2a, HIDKHIN), Y
MOMEHT 4acy ¢ = 1,5 ¢ BinOyBaeThcsl HAaKHJIaHHSI HABaHTA-
KEHHsI 0 HOMiHaJIbHOTO (pUC. 26) Ta NpPU JOCSATHEHHI
t=2,5 ¢ — HOro CKHJIaHHS.

Cuctemu 2 i 3 Oynu HaaImToOBaHi HA MOIYIBHAHN OITH-
MyM (puc. 2a, HwkHIN). Cucrema 1 — HeMae MOXKIIMBOCTI
HaJIaIITyBaHHS.
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Puc. 2. Ocuunorpamu pobora CMIIM kepoBanoi CEOK:
a) KyToBa OIBHJKICTh MalIMHU; 0) MPOEKIIist CTPYMY Ha BiCh ¢

BucHoBOK

Jlst 3milicHeHHsT €(pEKTUBHOTO PETYITIOBAHHS Yy €JIeKT-
pOMexXaHIUHIl CHCTEMi Ha OCHOBI CHHXPOHHOI MAaIIHHH 3
MOCTIHHUMH MAarHiTaMy JOCTaTHBO JOIIOBHUTH CHCTEMY
€HepropopMyIOUoro KepyBaHHA KOEQiIlieHTOM MeXaHid-
Horo meMmmndyBaHHSI. Taka cucrema 3a0e3medniia BHCOKY
IIBUAKOMIIO, JIHIMHICTE IWHAMIKHA YyCi€i CHCTeMH 1 €
MIPOCTOIO y HAJIAIITyBaHHI.

[TopiBHIOIOYHM 31 CTPYKTYpOIO 0€3 peryioBaHHs, BUKO-
pHUCTaHHSI CTapoi CTPYKTYpU (3 eNeKTpUYHHM jaeMmidy-
BaHHSM) Ja€ 3MOTY TPUCKOPUTH IIBUIKICTh PEakKIii cuc-
TEeMU Ha CUTHaJ] 3aBJaHHs Ha 73%, a Ha 3MiHY HaBaHTa-
*KeHHA — Ha 19%; BUKOPHCTaHHS X HOBOI CTPYKTYpH
(3 mexaniuauM nemndysaHHsIM) — Ha 93% T1a 87%,
BIIIOBITHO.
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